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R24 2400 BPS INTEGRAL MODEM 


INTRODUCTION 


The Rockwell R24 is a high performance synchronous serial 2400 bps 
DPSK modem. Utilizing extensive MOS/LS! technology, the R24 is 
implemented in three modular building bDiocks. It is innovatively de- 
signed to enable its economic integration by system designers ina 
broad range of communication, computer, and control equipment. 


Having Bell 201 B/C and CCITT V.26 compatibility, the modular R24 
offers the user sufficient flexibility to customize a 2400 bps modem 
to his specific packaging and functional requirements. With a mini- 
mum amount of interface circuitry, the modem can be configured for 
operation on leased lines or on the general switched network. 


MODULE VERSATILITY 


The versatility of the R24 design is achieved by dividing the modem's 
functions into three modules: 


Transmitter — Module T 
Receiver — Modules R1, R2 


Each module can be plugged into standard connectors or can be 
wave soldered on one or more printed circuit boards. The pin 
spacing is on 100 mil centers. Modem modules are functionally 
independent. 


MODEM OPERATION MODES 


in general, the modules can be configured to operate in the following 
modes: 


Simplex — Transmit only: Only the transmitter module (T) is used. 


Simplex — Receive only: R1 and R2 modules are used to implement 
acomplete receiver function. 


Half Ouplex (2-Wire): Requires both transmit and receive func- 
Ms tions (although not simultaneously), 
therefore, all three modules are used. 
Full Duplex (4-Wire): Requires both transmit and receive func- 
tions simultaneously, again all three 
modules are used. 


SC Rockwell international Corporation 1981 
All Rights Reserved 
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FEATURES/BENEFITS 


LS! high density; low power 

2400/1200 bps modes 
Transmitter-Differential phase modulation 
Receiver-Coherent phase detection 


e Bell 201 B/C, CCITT V.26 compatible 


CCITT A/B encoding options 
Operating modes: 

Half duplex (2 wire) 

Full duplex (4 wire) 

Simplex (Transmit or Receive only) 
Outstanding performance over unconditioned lines 
LSTTUCMOS compatible digital interface 
Fixed compromise equalizer 
V.27 compatible scrambler/descrambler 
Answer-back tone generation 
Clear-to-send delay options 
New sync option provides rapid resynchronization 
Typical power consumption 2 watts 
Total module area 25 sq. in. 
R24 Modem Evaluation Board facilitates evaluation and 
design-in tasks. 
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R24 Functional Diagram 


TECHNICAL DESCRIPTION 


Transmitter carrier frequency ....... aevnrats le srepsarorsree eet 1800 Hz + 0.01% 


=cho suppression and answer tone frequencies — 2100 Hz 20.01% or 2025 
Az 20.01% 


Received signal frequency tolerance — The receiver can adapt to received 


frequency errors up to +10 Hz with less than a 0.5 dB degradation in bit 
error rate. 


Data signaling and modulation rate: . 


1) Normal: Signaling Rate — 1200 baud 20.01%. 
Data Rate — 2400 bps + 0.01% 

2) Fallback: Signaling Rate — 1200 baud +0.01%.. 
Data Rate — 1200 bps +0.01%. 


Transmitted Data Spectrum — The transmitted spectrum’s bandwidth 
extends from 800 Hz to 2800 Hz. Phase distortion characteristics are within 
the limits specified in CCITT Recommendation V.26 bis. The out of band 
signal power limitations meet those specified by Part 68 or Tariff 261 of 


the FCC's regulations, and typically exceed the requirements of inter- 


national reguiatory bodies as well. 


Data Encoding (DPSK) — At 2400 bps, differential four-phase modulation 
is used. The data stream is transmitted in pairs of consecutive bits (dibits). 
Each dibit is encoded as a phase change relative to the phase of the preced- 
ing signal element. 


The R24 Implements the phase A and B recommendations of CCITT V.26. 
The modulation coding in Bell 201 modems is the same as V.26B. Definition 
of these coding arrangements is shown in the following table: 


DIBIT yee CHANGE 
V.26B/Bell 201 


00 
01 
11 
10 


ALTERNATIVEA 


4135° 


ALTERNATIVE B 


Line Signal Olagram (V.26 A & B) 


At 1200 bps, differential two-phase modulation is used. Each bit Is trans- 
mitted at a relative phase change to preceding signa! element in accord- 
ance with CCITT V.26 bis. 


1200 BPS 


Turn On Sequences — A total! of twelve selectable turn on sequences can 
be generated by the transmitter module. 


Turn Off Sequence — When the transmitter has been sending data and 
“Request to Send” is turned off, any remaining data bit information is trans- 
mitted within 6 milliseconds. 
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Ready for Sending (T106) Response Times — These response times are 
determined by the modem configuration selected and its associated turn 
on sequence. 


Ready for Sending 
Response Configuration and 
Time Carrier Type 


6.67 msec 


Switched Carrier — 4-Wire 
(Bell 201) 


Switched Carrier — 4-Wire 
CCITT — 4-Wire 

CCITT — 4-Wire with Scrambler 
CCITT — 2-Wire 

CCITT — 2-Wire with Scrambler 
Switched Carrier — 2-Wire 


Switched Carrier — 2-Wire with 
Scrambler 


CCITT — 2-Wire Echo Protection 


Switched 2-Wire Echo Protection 
with Scrambler 


CCITT — 2-Wire Auto Call 


CCITT — 2-Wire Auto Call with 
Scrambler 


Response Time tolerance ( + 0.9, 0.1) msec 


Scrambler/Descrambler — As a selectable option, the scrambier/de- 
scrambler may be inserted into the transmitter/receiver path. The purpose 
of this scrambler is to ensure that the line signal will eventy span the allo- 
cated bandwidth. This minimizes pattern sensitivity problems arising from 
simple fixed and periodic data sequences. The scrambler is V.27 or V.27 
bis/ter compatible. ; 


8.33 msec 
30 msec 
30 msec 
90 msec 
90 msec 
148.3 msec 
148.3 msec 


220 msec 
220 msec 


800 msec 
800 msec 


Carrier Detect (T109) — The modem receiver incorporates a fine signal 
energy detector whose output responds to three selectable threshhoid 
levels. 


Set 1 (V.26 bis, switched network) — Greater than -43dBm = ON 
Lessthan<8d8m = OFF 

Set 2 (V.26 bis, switched network) — Greater than -33 dBm = ON 
Lessthan-38d8m = OFF 

— Greater than -26 dBm = ON 
Lessthan-31d8m = OFF 


NOTE: A minimum hysteresis of 2db exists between the actual turn-on 
and turn-off transition levels for each threshhold set. 


Set 3 (V.26, leased line) 


Selectable 7109 Response Times — This time is defined as the interval be- 
tween the sudden connection or removal of the received line signal to the 
modems receive filter, and the subsequent transition of Carrier Detect 
(T1039) from one state to the other. 


Carrier Detect 


Transition Response Time 


OFF to ON 
(connection) 


6+1m 


$ 
eae } Selectable 


‘ON to OFF 
(removal) 


8+3ms 
2243 ms 


Selectable 


Receive Level — The modem receives line signals from 0 to -43 dBm. 


Transmit Timing — The modem generates a Transmit Clock (T114) having 
the following characteristics: Frequency — 2400 Hz +.01% (1200 Hz 
+ .01% in fallback mode), duty cycle — 50 21%. The modem Is also op- 
tionally capable of tracking an External Transmit Clock (7113) supplied by 
the modem user. T113 has similar characteristics to 7114. 


Receive Timing (1115) — The modem provides a data derived "Receive 
Clock” output in the form of a nominal squarewave (50 +1% duty cycle). 
The modem timing recovery function is capable of tracking a + 0.01% fre- 
quency error in the associated transmit timing source. 


Transmitter Output Levels — This output can be strap controlled in2 +0.2 
dB steps from-1 dBm += 1dBto-15dBm + 1dB. 


Answer Tone Generation — The modem generates a selectable answering 
tone of 2100 Hz 20.01% or 2025 Hz +0.01%. The 2100 Hz tone meets 
CCITT Recommendations G.161 and V.25, and the 2025 Hz tone meets 
Bell System requirements for both answering tone and echo suppressor 
disabling tone. Canes 


Equalizer — As a strap option, the modem contains a fixed compromise 
delay equalizer which can be used to improve performance over uncon- 
ditloned schedule 3002 lines. This option is normally positioned in the re- 
ceiver, but It can be repositioned in the transmitter or bypassed entirely. 
It ls designed to compensate for the mean of the range of group delay dis- 
tortions generally encountered in the United States. Its amplitude response 
Is nominally flat at 0.0 dB. 


Test Pattern Generation—The scrambler/descrambler function can be used 
to Implement a 127-bit test pattern feature. For example, a constant mark 
input could be scrambled and transmitted as a pseudo-random signal to be 
descrambled at the receiver back to the constant mark. A transmission error 
would be represented as a space for the duration of an incorrect bit. 


Multipoll Synchronization — The “new sync” (NSYNC) digital input can be 
pulsed to cause rapid resynchronization of the receiver for sequences of 
Incoming messages. This feature is necessary in some polling applications. 
However, if the user's hardware/software does not support the use of “new 
sync’ (NSYNC), then the optional “fast syne” (FSYNC) can be utilized to 
enable a fast resynchronization procedure. 


’ Selectable Clamping Options — 


1) Received Data (T104) — This output is clamped to a selectable constant 
(space or mark) when “Carrier Detect” Is off, to prevent disturbances 
on the line from getting through the receiver to the data output. 


2) Carrier Detect (T109) Clamp — This output may be clamped OFF 
(squeiched) in 2-wire applications during the time when “Request to 
Send" (T105) Is on. An additional option extends this clamp for 148 
msec beyond T105 transitioning off, providing echo protection. 


3) Receive Clock (T115) — This clock output can be clamped OFF when 
“Carrier Detect" Is off, thereby preventing any disturbances from pro- 
Pagating through the receiver to the receive clock output. 


ry ae a een a ae | iialiladilamas aa 


Bi AON, RRA mM CMR 


Sle into ii Sedletinie oh 


nis Bite ab he et et idk 


eet OLS 
paieh aes 


her GOR 
Jab GOR 


‘part's ne mtn vel 


vow oe ; 
Ww Nee Ma 


Trot 


cae Oe ee ee ee a a A 
Cyt Dekel RU) te: ipreglep 
af "| L wars wi re TOR, +E on ont Le | Ler gang 67 
dr) ibe ‘ im ar ats) ‘a ysl ried D0") nS pvbariphiad wey pala ites ort ah a te Peerage. a tchey 
( y & Hy ein aed seated ab aero. 
4 ' Pen enters oy pty ae 
vet Tr 4 nt LT ae vi ver aed A Pee Wikgeupet 
. } eet mens 
ely 26 § eid wetter cod ' Welk ig CRS Terty net sR fo mn rey dels ee i mae Po mgean 
; hol WH Ah waituret was 
: ; aioe 
iy th r ait OE * Tak " Ayes ete 590 lee 
ei ‘ . ry : ery (WER ed Pests ‘happy PN > ven ihe MRarON e 
ee QOD Wh cold diy Grea. aaa ary iar ROS | 
i f 
. , ve M a 7 ia rte aL | : . ony ey 0) 
, } a yhchicehateanbnalh vot ime EPH IAS 
Sk Ye 
by 1 
Siwy” * Wie FA Ter we : 7 bey idpertn? Age o wie ee | TH 4 
} ‘ i bays ry yi H «“ 
' t ms wee? ao etal wah 
4 j ] } 
i Meme wrote & aa Ie so Hib 
ee ae | 
1 a ari i tay } wnheteree nat A 
4 on m ee CaS | TR eats tn Dy i mt 
: f 
ft } a | Peat ates: vinci: Oo Relea e iF 
7 ; usd } aber ut bl ; 
Ra eet apt y ee 
ee ee ee ee eee ok 
‘ 
‘ y ' ay ant | } 
‘ { VAP” pati d pri Y | ba io aaa od a eres 
’ Lint i 
(te cm or ten ahah ye » » SU ec ea. 
j y 0 r oe eee: 
‘ 1 f ’ ying ND BET! oh so ER 
» tyne tah sig entiive SRT ity Yee Ss 1d RENE. Gwe gin § nip nigel Any 
De Ce te ee ish 
WHA RRR dion Nithatins  FO Le a BL 
. ” i | mad ; \ * am ay “i ? m 
/ gine oT cpt nadia fat AW TT Mb Tileteake acl? ee sii Bro ie ‘be! wig 
ey MEAY ‘ yaa ws 
"" (raed ond ap Atak Poy see ane of Sates el cgay, Ae cl seni sss 
' « f oree ) dh eo Aa eG ¢ Haag) wero sent im ty) ay dug eee 
i } f ¥ af neers a a 
(ARS OR ok gel! vain 
TAY + th, cae | , i ae hy we ey 4 ‘ ; 
VP ort} ae oe Phere horny Hive Mg so svGliy Gb ah nen) by 
he Peg i Son Gl Gow hie ; : 
a 5 Poke & att, : erie dtaant) oe Dive ren bimini wee 
ity ‘ Fi } Pere Par Coe aiid die I 
m Thy te mes ett tag 
A Bin 4 ww nie Wee wu , ‘ 
» pet" ree ie + with) CA y ew) ise wt SMa wy ittoeiny vas 
ne a ty Lab ht Sia Balle Oat TONS s Co Po wig 
PRC AMRSE! ihe Bile A ed 
an sith , 
sw @ hi eee 0 SBvty tile 
a LP ELD ney ee & eee Beis 1 1 a 3 Marien grt ip cent 
Tinie Pua LN i ee HE At ey we pg Batt S Saeage phi a 
1 SLGY gate Ahong y Go Re ET a Bile re eR: Sallie Lee Oa ‘ea, ; 
grmetnittinteny: SS aeinmemenaien 
i) r iat Pg | ON 1). Soil Ae ae ; . 
’ 1h ee” ty Oo 2A VA a bts nee “eth ad aft eit 
. ’ Ae TIKI MG A. oo ee a a eye? leah aaah aint al ener apenas 
Pen) eaey eLig ay ri eh CAE TF rari Garese . 
PReare tenes BA) wea layin eae WIRE oe AE Tp nny vein € t: 
Hare ape McHale ge Ree cites (hy al | Weare maT | 


@ 


SYSTEM DESIGN 


The R24 modem modules provide the user with sufficient flexibility to 
implement a wide range of modem functional configurations. This flexi- 
yility is achieved by digital contro! at the module interfaces. For a given 
application, such as a lease network V.26 Alternative 8B modem (Bell 2018), 
the complexity of the user interface can be significantly reduced by 
strapping those data interface inputs which do not change. The modem 
interface can also be under software control. 


Figures 1 and 2 show the basic interface connections for the transmitter 
module (T) and the receiver modules (R1,R2). These diagrams are applicable 
for any operation mode of the modem-simplex, half-duplex, or fuil-duplex. 
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RECEIVER INTERCONNECTION 


Figure 2 


MODEM OPERATION — HALF OR FULL-DUPLEX 


Figure 3 indicates the module interconnections necessary for haif-duplex 
operation. For full-duplex operation, the transmitter/receiver interconnec- 
tions are similar to the half-duplex case with the exception that “REC IN” 
is not connected to T2 or T1. In full-duplex operations, the transmission 
and receiver paths are independent. 


As shown in the diagram, a transformer is sufficient to connect directly 
to a leased line in the U.S. For the switched network, registered protective 
circuitry or adata access arrangement (DAA) Is generally required. Rockwell 
offers an FCC registered protective circuitry product to support this appli- 
cation. Requirements for line interface and protective circuitry vary inter- 
Nationally. ; : 
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CIRCUITRY Woke 
T111_ | COMMON 
S8GR MODEM 
CONTROL 
NSYNC 
TRANSMITTER 
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TRANSMITTER-RECEIVER INTERCONNECTION 
(HALF OUPLEX) 


Figure 3 
Secondary Channel — The modem modules provide the user with al! the 
interface connections needed to add an external secondary channel if re- 
quired. This data transmission channel! would operate at a lower rate, and In 
a different portion of the available bandwidth than the primary. Additional 
external receive filtering would also have to be added to allow simultaneous 
operation of the primary and secondary channels. 


Analog and Digital Loopback — To check out or dlagnose the communica- 
tion link, loopback testing is often performed. A test word is transmitted 
and “looped” back to the originating OTE. Typical types of loopback tests 
are: 


@) LOCAL DIGITAL (@) REMOTE ANALOG 


REMOTE DIGITAL 


(2) LOCAL ANALOG 


COMMUNICATION 
CHANNEL 


OTE - Data Terminal Equipment 


The modem modules provide the user with all the necessary interface 
connections to implement almost any loopback scheme desired. With a 
minimum amount of external circuitry, loopback testing can be controlled vis q 
communications adapter/software approach or manually. For local analog, 
remote analog and remote digital loopback, the V.27 scrambler within the 
modem can be used to generate a 127-bit word. 
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INTERFACE DESCRIPTION 


STANDARD DIGITAL INTERCHANGE 


Term 
(CCITT V.246 EIA RS232C __ Module interfece 


Equivatent) Equivalent Input Output Description 
T103 BA T-9 Transmitted Data 
T104 BB R2-5 Received Data 
T1058 CA T8 Request to Send 
T106 cs T6 Ready for Sending 


(Clear to Send) 


T109 CF R14 R2-22 DataChannel Received Line 
Signal Detector (Carrier Detect) 


Taw CH T-12, Data Signalling Rate Selector 
R2.9 psa 2400 bps or 1200 bps 
_ ode 


External Transmit Clock 
irene es Signal Element 
iming) 


T114 08 T-10 Transmit Clock (Transmitted 
Signal Element Timing) 


T1158 je}e) R26 Receive Clock (Receive Signal 
Element Timing) 


T113 DA T-7 


ANALOG LINE INTERFACES 


Module intertace 


__ Yerm Input Output Description 
RECIN R1-12 Analog Line Signal input (Receive Filter 
Input) 
T1 T-1 Low impedance Transmitter Output 
T2 T-2 Standard Transmitter Output 600 ohms 


Impedance 


COMMON MODEM DIGITAL CONTROLS 


Module intertace 


Term npul t Description 
ZEA not Selects V.28A or V.26B Dibit Encoding 
T-15 
R2-12 ‘Controls for Scrambie Operation 
S8GR al , 


Controls T109 to Force Rapid 
Resynchronization of the Receiver 


Implements Squelch for Carrier Detect 
(109) 


NSYNC T-14 
R2-11 


CLAMP R210 T-13 


TRANSMITTER DIGITAL CONTROLS 


Module Interface 
ry 


Term Tapul Outpy Description 
CAUTO °+ T3 Initiates Anawe ene “a 
2 Indicates Completion of Transmission 
BONA 5 of Answer Tone 
TBC T-4 Transmitter Baud Clock 
Zz T-28 Input Forcing Transmit Clock (T114) to 
Phase and Frequency Lock to External 
Transmit Clock (T113) 
T2WI4W SCOT 111 Inputs Affecting Ready for Sending 
x T-24 Response Times, Answer Tone Frequency 
K T-25 and Camier Detect (T 109) Squeich 
Y T-26 
TCO6 T-27 : 
BOOMS T-29 
E T-30 


Term Input Output 


TRANSMITTER ANALOG CONTROLS 


Module interlace 


Description 


DAC OUT T-22 Output of Digital to Analog Converter 

TFIL T-23 Input to Low Pass Filter. DAC OUT is 

Normally Connected to TFIL Unless 
Additional Filtering or an Equalizer is tobe 
Inserted. 

TIN T-31 These Nine Signals implement the 
-idBm T-39 Transmitter Output Level Attenuator. One of 
-3dBm T-38 theSignals -1dBm,..., —15dBmis 
-5dB8m T-37 Strapped to TIN to Set the Desired Output 
-7dBm T-36 Level. 

-9d8m T-35 
-11dBm T-34 
-13dBm T-33 
- 15dBm T-32 


RECEIVER DIGITAL CONTROLS 


Module interface ee Cer Le 
Term Input Output _ Description : 
RBCK R1-1 R2-25 Receiver Baud Clock 


RLSD = R2-24 = A1-2 | Control Signals to Generate Carrier Detect 
THRH R1-3 R2-23 ¢ (1109) and implement T109 Threshold Set 


R2W/4W = —-R2-8 Select Function 
THOS R2-18 
TCOS R2-15 Determines Carrier Detect (T1039) Oft-to-On 
Response 
“PBS R2-16 Determines Carrier Detect (T109) On-to-Off 
Response 
CP04 R2-17 Clamps Received Data (T104) to a mark 
or space when Carrier Detect (T 109) is Off 
CP15 R2-19 Optional Clamping of Received Ciock (T115) 
FSYC —— R220 Fast Sync Optional Fast Resynchronization 


Procedure 


RECEIVER OIGITAL DIAGNOSTICS 
Module Interface 


Term — Input Output Description 
SYC R2-1 Digital Outputs which Enable User to 
RCVDOS R2-2 Generate Eye Pattern and Phase Error 
OCP R2-4 Information 
A R2-3 
PE R2-7 
RECEIVER ANALOG CONTROLS 


Module Interface 


Term Input Output Description 


RECOUT At1-7 Receive Filter Ouput 
EQIN R18 Equalizer input 
EQOUT R146 Equalizer Output 
RLSOIN R1-5 Carrier Detect Circuitry Input 
AGCIN- R2-21 Automatic Gain Control Circuitry Input 
AGC OUT R2-28 Automatic Gain Control Circuitry Output 


GAIN R1-10 | Optional Carrier Detect (T109) Threshold 
G1 R1-11 Selection Controls x 

G2 R1-9 

|ANALOG R2-27 Sample and Hold Circuitry Input 
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MODEM PERFORMANCE 


The R24 is @ high performance synchronous 2400 bps DOPSK modem, 
tilizing a coherent demodulation technique to achieve reliable operation 
at the switched network or unconditioned lines. This section contains 
juantitative discussion of the R24's typical performance under varying 
1e3t conditions. 


Timing Jitter — The maximum steady state timing jitter of “receive clock” 
with respect to “transmit clock” is less than 10% p-p for an input signal-to- 
noise ratio of 12 dB. 


Bit Error Rate — The foliowing graph represents typical R24 performance: 


Ort GMROR ABATE 


a 6 6 , 6 ® e " 12 
GIGNAL TO MOSES RATIO IDS) 


1700 GPS BACK. TO BACK SCRAMBLER WO EQUALIZER 

2400 BPS V MEA ORD BACK-TO SACK. SCRAMBLER NO EQUALIZER 

2400 OFS, V.784 OR B 190.150 MZ PHASE HITTER, NO SCRAMBLER NO EQUALIZER 
2400 BPS. V 764 OR B 309.170 HZ PHASE ATTER NO SCRAMBLER NO EQUALIZER 
2400 PBS. V 264 OR B, 9002 UNCONDITIONED LINE, NO SCRAMBLER, EQUALIZER 


Typical Bil Rate Performence 


Phase Error — Phase error can be measured by using the modem’s output 
signals PE, SYC, and A. With an extemal test circuit, a numerical value can 
be derived to indicate the quality of received data. This numerical value can 
be directly correlated to bit error rate performance. The required test circuit 
can be implemented with discrete circuitry or in software within a micro- 
computer. 


Eye Pattern — By using the modems digital output signals RCVOS, SYC, 
and A along with an added test circuit, the user can generate an oscillo- 
scope quadrature eye pattern. This pattern displays the received signal as 
&@ group of dots in the baseband signal plane; hence, it is a graphic repre- 
sentation of modem performance. 


CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 


! DISPERSION 
DUE TO GAIN 
ERRORS 


DISPERSION OUE 
TO PHASE ERRORS 


DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR. 


Typical Eye Pattern: 4 Phase-2400 bps-1200 Baud (V26A) 


Phase error and eye pattern can be extremely useful for modem acceptance 
testing, product evaluation, and observation of line signal quality under 
actual operation. 


ELECTRICAL CHARACTERISTICS 


POWER REQUIREMENTS 


peso | warm | neme_| "Sr | 


+5 Vde +5% 100 mV p-p 38 mA 
+12 Vdc +5% 50 mV p-p 
“12 Vde +5% 


+5 Vde +5% 
+12 Vde +5% 
-12 Vde +5% 


Maximum total power consumption approximately 3 watts. 
Typical total power consumption approximately 2 watts. 


DIGITAL INTERFACE 
The R24 provides LS TTL or CMOS compatible logic levels that are function- 
ally equivalent to EIA RS232/449 and CCITT V.24. 


input 
Logic Allowed Input Voltage Levels 


-12.0V to +0.8V Sinking <10 A 
+4.0V to +5.0V Sourcing <10 pA 


Digital inputs are directly CMOS compatible. Interfacing with standard 
TTL or low-power Schottky TTL requires an external pull-up resistor. 


Output 
Logic Allowed Output Voltage Levels 


0.0V to +0.4V Sinking 0.38 mA 
+ 4.0V to + 5.0V Sourcing 100 pA 


Digital outputs are directly CMOS or low-power Schottky TTL compatible, 
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TRANSMISSION LINE INTERFACE 


The R24 provides an analog interface that must generally be transformer 
coupled to ensure norma! telephone line Isolation. Through appropriate 
selection of transformers and other Interface circuitry, the R24 can be con- 
figured to operate on leased or dial-up telephone lines, or on other special 
private networks. For the dial-up line interface, Rockwell offers an FCC 
registered module that allows direct connection to this network. For the 
leased line Interface, only transformers with characteristics similar to those 
utilized on the R24 modem evaluation board are required for this connection. 
e 


The receiver and transmitter line Interfaces are single-ended (non-trans- 


former coupled) signals with the following characteristics: 


Transmitter Output (Norma!) 


Output Impedance: 600 ohms + 2% 
Maximum output level: < 0.0dBm 


Transmitter Output (Alternate) Low impedance: 


Output Impedance: 0 ohms (op amp output) 


Maximum output level < +6.06B 


Note: This output for transformer loss compensation. 
Receiver Input: 


input impedance: 15.8K ohms +1% 
Maximum input Level: 0.0dBm 


MECHANICAL SPECIFICATIONS 


. 


-300 MAX, 


[Raw cence 2.490 Som ann .344 + .005 
(COMPONENTS) 


= 


saat SON 


lo a 
062 
2.75 + .03 


NOTE: This cross-section is common to all modules. 


.080 


MAX. 


.100 
+ .007 


(LEAD PROTECTION) 


.B00 
(20.32) 


1 


.100 
(2.54) 
TYP. 


“VZV (18) 


-1§68m (32) 
-13d8m (33) 
-1168m (34) 
-9dBm (35) 
-768m (36) 
-$5dBm (37) 
-36Bm (38) 
-168m (39) 


.025 (.64) SQ. PIN e 
39 PLACES 


Transmitter Module Package 


G2( 9) 
GAIN (10) 
G1 (41) 
REC IN (12) 


(8) EQ IN 
(7) REC OUT 
(6) EQ OUT 


“VZV (13) 
#12V (14) 
COM (18) 


-025 (.64) SQ. PIN 
15 PLACES 


Receiver - R1 Module Package 


AGC IN (21) 
7109 (22) 
THRH (23) 
RLSD (24) 
RBCK (25) 

AGC OUT (26) 

(ANALOG (27) 


(20) FSYC 
(19) CP1S 


(63.50) 3.530 
(89.66) 


+5V (28) = 
COM (29) 
#12V (30) 
“V2 (31) 


MAX, 
.025 (.64) SQ. PIN 
31 PLACES 


Receiver - R2 Module Package 


NOTES: 1) Dimensions in inches (millimeters). 
2) Component side shown 
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PRINTED CIRCUIT BOARD MOUNTING OPTIONS 
FOR THE R24 MODULES 


ree methods of mounting are commonly used. Each configuration 
3 certain distinct advantages. 


Mounting Type of Connection ._ Basic 
Method or Connector Used Advantage 


Wave Soldered Into Standard 
PCB Evelets 


Standard Fiush 
PCB Component 
Mount 


Lowest Height 
Profile 


Above Board 


Connectors (SAE Series Plug-in Capa- 


Low Profile 3000 or Methode Series 1000) bility at Low 
Socket These Sockets are Wave Cost 
Soldered Into Standard 


PCB Eyelets 


PCB Plug-in 
Sockets (Bullets) 


Connectors (AMP Miniature 
Spring Sockets.) 

Pin Sockets are Individually 
Soldered into PCB Eyelets 


Lowest Pro- 
file for Plug-in 
Capability 


ENVIRONMENTAL SPECIFICATIONS: 


Operating temperature: 0°C to 60°C 

Storage temperature: -40°C to + 80°C 

Relative humidity: to 95% (non-condensing) 

Altitude: -200 to 10,000 feet (-61 meters to 3,049 meters) 
Burn-in: 96 hours at 70°C 


Order Information 


when ordering, specify products as follows: 


R24 — Set of 3 modules (T, R1, R2) 
R24MEB — Modem Evaluation Board 


The R24 transmitter function (R24-T module) and the R24 receiver function 
(R24-R1, R24-R2 modules) can be purchased separately. Contact your 
Rockwell Sales office or Anaheim to quote specific customer requirements. 


UNITED STATES 


Electronic Devices Division 
Rockwell international 
3310 Miraioma Avenue 

PO Box 3669 

Ananeim, California 92803 
(714) 632-3729 

TWX 910 591-1698 


Electrome Devices Dwision 
Rockwell International 


Electronic Devices Division 
Rockwell international 
50016 Greentree 
Executive Campus, Rt 73 
Martton, N J. 08053 (609) 596-0090 
TWX. 710 940-1377 


EUROPE 

Electronic Devices Division 
Rockwell International GmoH 
Fraunnolerstrasse 11 


921 Bowser 0-8033 Munchen-Martinsried 
Richardson. Texas 95080 Germany 

(214) 996-6500 (089) 859-9575 Telex 0521/2650 
Telex: 73-307 


Electronic Devices Oivesion 
Rockwell international 
Heathrow House, Bath Rd 
Cranford, Hounstow, 
Middlesex, England 

(01) 759-9911 

Tetex 6851-25463 


Electronic Devices Division 
Rockwel Internationa! 

10700 West Higgins Ad . Suite 102 
Rosemont, Iilinors 60018 

(312) 297-8862 

TWX 910 233-0179 (Ri MED ROSM) 


ELECTRONIC DEVICES DIVISION REGIONAL ROCKWELL SALES OFFICES 


Cnryoda-ku, Tokyo 102, Japan 
(03) 265-8806 Telex’ J22198 


R24 MODEM EVALUATION BOARD 


To facilitate evaluation and design-in of the R24 modem for new and exist- 
ing equipment designs, an R24 Modem Evaluation Board (R24MEB) is 
available — see below. The R24MEB can be easily combined with terminal 
systems for real-time performance evaluation. 


RECEIVER 


TRANSMITTER 


R24 Modem Evaluation Board (R24MEB) 


The Modem Evaluation Board is equipped with a standard 31 pin edge con- 
nector, contro! switches, output level jumper, and interface transformers. 
These features allow full contro! of the interface circuitry. In addition, this 
unit can be used directly ina U.S. leased line configuration. 


The R24MEB Is recommended for ail first-time users to assist In their evalu- 
ation. Complete documentation is supplied with each initial R24MEB. 


Tart EAST 


Electronic Devices Division 

Rockwell International Overseas Corp. 
itonpia Hirakawa-cho Bigg. 

7-46, 2-chome, Hirakawa-cho 


YOUR LOCAL REPRESENTATIVE 


Rockwell International 


..where science gets down to business 
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® 
MICROPHONES AND ELECTRONIC COMPONENTS 


AREA CODE 312/866-2200 + CABLE: SHUREMICRO 
TELEX: 72-4381 


TWX: 910-231-0048 


DATA 
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NOISE-CANCELING TRANSISTORIZED MICROPHONE 


GENERAL 

The Shure Model 488T Microphone is designed for 
clear, crisp, natural voice reproduction combined with 
a highly effective noise-canceling function. The mi- 
crophone is FAA Certified for Aircraft application 
(TSO-C58). 

Model 488T incorporates the patented Shure CON- 
TROLLED MAGNETIC® Cartridge in a high-quality, 
extremely reliable, hand-held unit of professional de- 
sign, small size, and light weight. The transistor am- 
plier of the Model 488T is designed to match carbon 
microphone type input circuitry. 

Noise cancellation in the Model 4get microphone is 
Obtained through the combination of highly directional 
operation and superior discrimination against noise or 
unwanted soun<'s from a relatively distant source, The 
microphone rejects sounds originating at distances 
over 15 cm (6 inches). This means that engine noise, 
wind noise, propeller noise, noise from vibrating panels 
and all other sources are discriminated against. 

The shaped frequency response of the microphone 
optimizes performance in the frequency range of 200 
to 4,000 Hertz, further eliminating sounds outside of the 
desired frequency range and achieving proper control 
of those sounds within the desired voice range. 


Microphone Features: 

® Built-in transistor amplifier (powered by carbon 
microphone type circuit) 

m Frequency response from 200 to 4,000 Hz, shaped 
for voice communications use 

s Small, light, compact case for minimum space and 
maximum handling comfort 

® Rugged leaf-type switch stands up under severe 
operating conditions and constant use 

s High-impact ARMO-DUR® case-—lighter and 

- stronger than die-cast metal, comfortable to the 

touch in hot or cold weather 

@ Rugged and dependable under all operating con- 
ditions 

w Long-life, neoprene-jacketed coil cord 
FAA Certified for Aircraft use — 

® Supplied with PJ-068 connector on cable 


APPLICATIONS 

The Model 488T Noise-Canceling Transistorized Mi- 
crophone is designed to provide highly intelligible 
speech communication under all types of noise condi- 
tions. It is specifically designed for use in all kinds of 
commercial and private aircraft. The Model 488T is 
FAA Certified for Aircraft operation, 

This microphone features distance discrimination 
that provides unparalleled intelligibility even when the 
Operator cannot hear his own voice, 


ACOUSTIC CONSIDERATIONS 
The Model 488T microphone rejects noise through 
its inherent directional properties and discriminates 


Copyright 1980, Shure Brothers Inc. 
27A1343 (TB) 
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against unwanted sounds arriving from a distance in 
favor of sounds from a near source. The microphone 
Operates on the pressure-gradient principle and has 
two sound entry ports, spaced a small distance apart. 

In order to obtain the best performance with this 
microphone, it must be used as ‘‘close-talking.” The 
lips should be as close to the microphone grille as 
possible (pressed against the rubber lip guard), with a 
distance of up to 25 mm (1 in.) from the grille provid- 
ing the greatest discrimination between voice sounds 


and background noise. 


CONNECTIONS 

The Model 488T is a low-impedance transistor-am- 
plified microphone with a three-conductor coiled-cord 
cable, an attached PJ-068 two-circuit phone plug, and 
a double-pole single-throw leaf-type switch to control 
the microphone circuit and an external relay or switch- 
ing circuit. The RING (RED lead) is connected to the 
microphone circuit. The TIP (WHITE lead) controls the 
relay or switching circuit. The SLEEVE (BLACK lead) Is 
common to the microphone and relay circuits. 

The internal switch connections of the Mode! 488T 
are shown in Figure 1 and a typical! external operating 
circuit is shown in Figure 2, The design parameters of 


PJ-O668 PLUG 


INTERNAL CONNECTIONS 
FIGURE 1 
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“ife operating circuit (supply voltage, load resistance, 


current, and sensitivity) may be selected using the 
curves shown in Figures 3 and 4. If, for instance, the 
available supply voltage is 16 Vdc and a current drain 
of 8 mA is desired, Figure 3 shows that a load resist- 
ance (Rt) of 1.5k is necessary. In Figure 4, it can be 
seen that with a supply voltage of 16 Vdc and a load 
resistance of 1.5k, the relative sensitivity is approxi- 
mately +6 dB higher than the specified output level 
of —5 dB with 10 Vde and a 500-ohm load (see Specifi- 
cations). 
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TYPICAL OPERATING CIRCUIT 
FIGURE 2 


CURRENT 1 mh 


° 3 rs) i) r-*) 25 3% 35 rvs) 43 
SUPPLY VOLTAGE CV.) BY VOLTS 


MAXIMUM VOLTAGE AND CURRENT LIMITS 
FIGURE 3 


RELATIVE LEVEL IN 68 


SUPPLY VOLTAGE (Vs) IN VOLTS 


SENSITIVITY AS A FUNCTION OF SUPPLY VOLTAGE 
AND LOAD RESISTANCE 


FIGURE 4 


CAUTION: The following should be observed to avoid 

damage to the Model 488T: 

1. Supply voltage (Vs) must be between 2 and 40 Vdc. 
Voltages in excess of 40 Vde may substantially re- 
duce the life of the microphone amplifier. Voltages 
less than 2 Vde are not sufficient for microphone 
amplifier operation (although no damage will result). 


2. The top (dashed) line of Figure 3 determines the 
maximum allowable current (dissipation limit) for 
various combinations of supply voltages and load 
resistances. 


3. Make certain proper polarity is followed for the 
phone plug RING (+) and SLEEVE (-—) circuits as 
‘shown in Figures 1 and 2. In mobile and aircraft 
equipment installations, vehicle battery polarity 
verification is extremely important. 


MOUNTING 
The Model 488T is supplied with a mounting bracket 
to provide a snap-in hang-up for the microphone when 
not in use. The bracket has mounting holes with clear- 
ance for No. 8 screws (see Figure 6). 


OPERATION 
No special precautions beyond ordinary care are 
necessary in operating the 488T microphone, It will op- 
erate satisfactorily under most conditions of tempera- 
ture and humidity. Dropping the microphone or other 
severe*mechanical shocks should be avoided. 


C MODULATION LEVEL ADJUSTMENT 
' For optimum operation of your transmitter, it is im- 
portant to have proper modulation. Proper modulation 
will give undistorted transmissions, greater range, and 
less interference from static. 


To obtain proper modulation, the following points 
should be considered: 


1. TALK CLEARLY AT NORMAL SPEAKING LEVELS. 
TALK DIRECTLY INTO THE GRILLE OF THE 488T, 
WITH THE LIPS AS CLOSE TO THE GRILLE AS 
COMFORT WILL PERMIT, WITH A DISTANCE OF 
APPROXIMATELY 6 MM (¥% IN.) GIVING THE ULTI- 
MATE IN DISCRIMINATION AGAINST UNWANTED 
ACOUSTIC NOISES. USE THE RUBBER LIP GUARD 
FOR PROPER PLACEMENT OF MOUTH. 


2. In the majority of applications, the 488T will work 
properly when simply plugged into the transmitter. 
lf you want to check modulation or if you suspect 
improper modulation level, read points a and b. 

a. When using the 488T to replace another make or 
model microphone, it is desirable to check the 
modulation to make sure it is set to the trans- 
mitter manufacturer’s specifications. This is be- 
cause the 488T may have more or less output 
than the previous microphone, depending upon 
the specific transmitter. The modulation contro! 
in aircraft transmitters will always provide prop- 
er adjustment when using the 488T. This check 
should always be made when installing any new 
microphone and should only be made by 
qualified persons. 

b. If the 488T has excess output, resulting in over 
modulation or distortion, the gain of the 488T 
transistor amplifier may be reduced 6 GB. 

To modify the 488T for reduced output, proceed as 
follows: 

1. Remove the three No. 5-40 round head screws and 

washers from the back of the microphone case. 

(Caution: the microphone cartridge is spring-loaded 

and care must be taken to hold the two halves of 

the microphone case firmly together.) 

Separate the case front and back. See Figure 5. 

3. Note transistor amplifier board at the bottom of the 
front case half. Clip leads of the indicated resistor 
at the lower right hand side of the transistor am- 
plifier board. This reduces the output level ap- 
proximately 6 dB. 
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To re-assemble microphone proceed as follows: 

1. Be certain that the cartridge shield retaining 
springs are in proper position. 

2. Place case back on case front and firmly press 
cases together; fasten with the three No. 5-40 
screws and washers previously removed. 
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FIGURE 5 


FAA CERTIFICATION 
The Modei 488T is FAA certified for Aircraft use and 
is within the FAA TSO-C58 requirements. To maintain 
this FAA certification, any service required for the 
Model 488T must be performed by Shure Brothers Inc. 
or by an FAA approved service facility. 
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FIGURE 6 ws 


SPECIFICATIONS 


Type 
CONTROLLED MAGNETIC®, Noise-Canceling (with 
transistor amplifier) ; 


Frequency Response 
200 to 4,000 Hz (see Figure 7) 
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FIGURE 7 


Load Impedance Range 
100 to 2,200 ohms (see Figures 3 and 4) 
Output Level (at 1,000 Hz, 5/16 in.) 
—5.0 dB (.560 V) with 10 Vdc, 500-ohm load 
(0 dB = 1 volt per 100 microbars) (See Figure 4) 
DC Supply Voltage and Current 
2 to 40 Vdc (see Figure 3) 
Switch 
Double-pole, single-throw, leaf-type, push-to-talk 
Cable : 
Nondetachable, 1.7m (5% ft), 3-conductor, tinsel, 
neoprene-jacketed, coil cord with PJ-068 2-circuit 
phone plug on equipment end ; 
Case 
High-impact ARMO-DUR® with perforated steel grille 
and rubber lip guard : 
Dimensions 
See Figure 8 


OVERALL DIMENSIONS 
FIGURE 8 


Net Weight 
340 grams (12 02) 


Packaged Weight 
510 grams (18 02) 


Certification 
FAA certified for Aircraft use within TSO-C58 


FURNISHED ACCESSORY 
Mounting Bracket ......- eLAVeI Sie is siete ose 0) atone RK6MB 


REPLACEMENT PARTS 


Cartridge Assembly ...cccccccsesccsscccses ss ROOt 
SWIC e, oi ccse se Dateere @ Mitiani te € sane erste sitle oes RK24S 
Gale beri. cic sais a etels. «isla s AT, eA fa A Rear C22C 
Case Front and Back ....... de ar ane | eh RK23C 
Preamplifier .......... Ric shes nia 9.0/2 oeee KITA 


GUARANTEE 

This Shure product is guaranteed in normal use to 
be free from electrical and mechanical defects for a 
period of one year from date of purchase. Please 
retain proof of purchase date. This guarantee includes 
all parts and labor. This guarantee is in lieu of any 
and all other guarantees or warranties, express or 
implied, and there shall be no recovery for any con- 
sequential or incidental damages. 


SHIPPING INSTRUCTIONS 
Carefully repack the unit and return it prepaid to: 
Shure Brothers Incorporated 
Attention: Service Department 
1501 West Shure Drive 
Arlington Heights, Illinois 60004 
If outside the United States, return the unit to your 
dealer or Authorized Shure Service Center for repair. 
The unit will be returned to you prepaid. 
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